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Background: Maternal psychological distress during pregnancy might lead to higher fetal cortisol exposure,
which subsequently leads to fetal cardiovascular developmental adaptations and cardiovascular dysfunction in
later life.
Aims:We examinedwhether maternal and paternal psychological distress was associatedwith the cardiovascu-
lar outcome measurements in school age children.
Study design and subjects: In a population-based prospective cohort study among 4831 children, we assessedma-
ternal and paternal psychological distress during pregnancy by questionnaire, using the Brief Symptom Inventory
(see Fig. 1).
Outcome measures: At the child age of six years, we performed blood pressure and carotid–femoral pulse wave
velocity measurements, and M-mode measurements of left cardiac structures and fractional shortening.
Results:Wedid not observe associations of highmaternal and paternal psychological symptomscoreswith child-
hood blood pressure and carotid–femoral pulsewave velocity after adjustment for potential confounders.Mater-
nal overall psychological symptoms were associated with a lower childhood left ventricular mass (difference
−1.10 g (95% conﬁdence interval−2.13 to−0.07) between mothers with high scores and normal scores),
but not with other cardiac structures and fractional shortening. Paternal overall psychological symptoms
showed a similar associationwith childhood left ventricular mass (difference−1.34 grams (95% conﬁdence
interval−3.69 to 1.02) between fathers with high scores and normal scores).
Conclusions: Our results do not support the hypothesis that maternal psychological distress affects cardiovascu-
lar development in early life. Similar associations of maternal and paternal psychological distress with left ven-
tricular mass suggest that these associations could be due to unmeasured social and environmental factors,
rather than direct intra-uterine effects.© 2013 Elsevier Ireland Ltd. Open access under the Elsevier OA license.1. Introduction
Adverse fetal exposures may lead to permanent developmental ad-
aptations in the structure and function of the cardiovascular system
and other organ systems [1]. These adaptations may be beneﬁcial on
short-term, but increase the susceptibility of cardiovascular disease
and metabolic diseases in later life [1]. This hypothesis is largely based
on studies showing associations of low birth weight with high blood
pressure, cardiovascular disease and its risk factors [2–4]. Maternal psy-
chological distress during pregnancy might be one of the adverse fetalroup (AE-006), Erasmus Med-
rlands. Tel.: +31 10 7043405;
doe).
r the Elsevier OA license.exposures leading to fetal developmental adaptations [5], possibly by
dysregulation of the maternal hypothalamic–pituitary–adrenal (HPA)
axis [6], and higher fetal cortisol exposure [6]. Previous animal and
human studies have shown that excessive exposure to exogenous
glucocorticoids is associatedwith higher blood pressure in the offspring
[7–10]. Mild endogenous elevations in cortisol levels, e.g. due to mater-
nal psychological distress during pregnancy,might also lead to develop-
mental adaptations [11], such as hyperactivity of the offspring's
HPA-axis [12], and affect cardiovascular function in the offspring, but
the number of studies is limited [13]. Recently, van Dijk et al showed
that the presence of multiple psychosocial stressors during pregnancy
was associated with higher blood pressure in children aged 5–7 years,
although the authors acknowledged that after correction for multiple
testing, all associations were not signiﬁcant [14]. If associations are
present at a young age, they may be less confounded by other variables
Childhood cardiovascular measurements 
available 
N=4,831 
Singleton life births with maternal 
psychological distress data available 
N= 6,708 
Data on maternal psychological distress 
available 
N = 6,809 
Mothers enrolled during pregnancy 
N=8,880 
N=2,071 excluded due to missing 
data on parental distress assessed 
during pregnancy 
Excluded N=73 due twin births, 
N=12 due to fetal death and N=16 
loss to follow-up 
Excluded N=16 due to clinical or 
congenital heart disease, N=6 due to 
kidney abnormalities, and N=19 due 
to missing data on all outcome 
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Fig. 1. Flowchart of the study population: the Generation R Study Cohort, Rotterdam, The Netherlands.
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tions in childhood may track into adulthood. However, any association
of maternal psychological distress with childhood blood pressure
could be explained by direct intra-uterine mechanisms of high fetal
cortisol levels, or by other environmental factors. Similar effect sizes
formaternal and paternal psychological distress on childhood outcomes
would indicate that associations are due to unmeasured shared social
and environmental factors [15].
Therefore, we assessed in a large population-based prospective
cohort study among 4831 children, the associations of maternal and
paternal psychological distress with blood pressure, carotid–femoral
pulse wave velocity and left cardiac structures and function in children
at the age of six years.2. Methods
2.1. Study design and population
The study was embedded in the Generation R Study, a population-
based, prospective cohort study from fetal life onwards in Rotterdam,
The Netherlands [16]. Enrolment in the study was aimed at early
pregnancy, but was possible until birth of the child. Information about
maternal psychological distress during pregnancy was collected in the
second trimester of pregnancy. Between March 2008 and January
2012, all participating children and their mothers were invited to a
dedicated research center, to participate in detailed follow-upmeasure-
ments at the median age of 6 years (95% range 5.6 to 7.4 years). The
study has been approved by the Medical Ethics Committee of the
Erasmus Medical Center, Rotterdam. Written informed consent was
obtained from all parents of participants.In total, 8880mothers were enrolled in the study during pregnancy,
of whom 6809 (75.5%) provided information about psychological
symptoms during pregnancy. For the present study, only singleton
live births were included (n=6708), of whom 4872 (72.5%) children
attended the follow-up visit between January 2009 and January 2012.
Children with clinical or echocardiographic evidence of congenital
heart disease or kidney abnormalities were excluded from the study
(n=22). Blood pressure, carotid–femoral pulse wave velocity or cardi-
ac ultrasound measurements were successfully performed in 4831
children.
2.2. Parental psychological distress
Information on maternal and paternal psychological distress was
obtained by postal questionnaires that were returned at around
20 weeks of gestation using the Brief Symptom Inventory and the
subscale General Functioning of the Family Assessment Device [17].
Mother and father each completed the questionnaires. The Brief
Symptom Inventory is a validated self-report questionnaire with 53
items [17]. These items deﬁne a broad spectrum of psychological
symptoms in the preceding 7 days. A global index (Global Severity
Index) and 3 symptom scales (Depression, Anxiety, and Hostility)
were deﬁned [17]. The Global Severity Index is a measure of current
level or depth of the symptoms, and denotes overall psychological
symptoms. Each item was rated on ﬁve-point uni-dimensional scales
ranging from ‘0’ (not at all) to ‘4’ (extremely). A score is provided for
each symptom scale by summing the item scores of each scale and di-
viding the results by the number of endorsed symptoms. This resulted
in a range of scores from 0 to 4. Higher scores on these scales repre-
sented an increased occurrence of overall psychological symptoms,
symptoms of depression, anxiety, or hostility. According to previous
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signiﬁcant psychological symptoms (yes/no) when having a score
above 0.71 on the overall psychological symptom scale, above 0.80
on the depression scale, and above 0.71 on the anxiety scale [18].
Fathers were categorized as being sensitive for ‘clinically’ signiﬁcant
psychological symptoms (yes/no) when having a score above 0.66
on the overall psychological symptom scale, above 0.71 on the
depression scale, and above 0.65 on the anxiety scale [18]. In the current
study, internal consistencies (Cronbach's alpha) for the different scales
of the mother and the father ranged from 0.72 to 0.95 and from 0.61 to
0.93 respectively. Family stress was assessed by the subscale General
Functioning of the Family Assessment Device. General Functioning is a
validated overall self-report measure of health and pathology of a
family and consists of a 12-itemmeasure [19]. Half of the items describe
health functioning, e.g. ‘In times of crisis, we can turn to each other for
support’. The other half describes unhealthy items, e.g. ‘There are a lot
of unpleasant and painful feelings in our family’. Both the mother and
the father were asked to rate howwell each item described their family
by selecting from four different responses: strongly agree, agree, dis-
agree, or strongly disagree. The item scores were summed and divided
by 12, yielding a total score from 1 to 4. A general functioning score
>2.17 (cut-off) denotes high family stress [19]. The internal consistency
of maternal and paternal general functioning was α=0.89 and α=
0.85 respectively.
2.3. Childhood cardiovascular measurements
All cardiovascular measurements in childhood were performed in a
dedicated research center in the Erasmus Medical Center, Rotterdam,
The Netherlands. All measurements were performed by well-trained
and dedicated research staff, according to standardized protocols,
supervised by the ﬁrst and second authors and a pediatric cardiologist.
Regular training sessions and data checks were carried out. The child
was lying quietly, while systolic and diastolic blood pressure was mea-
sured at the right brachial artery in supine position, four times with
1-minute intervals, using the validated automatic sphygmomanometer
Datascope Accutor Plus™ (Paramus, NJ, USA) [20]. A cuff was selected
with a cuff width approximately 40% of the arm circumference and
long enough to cover 90% of the arm circumference. More than 90% of
the children who visited the research center had four successful blood
pressure measurements available.
Carotid–femoral pulsewave velocity, the referencemethod to assess
aortic stiffness [21], was assessed using the automatic Complior device
(Complior; Artech Medical, Pantin, France) with participants in supine
position. The distance between the recording sites at the carotid
(proximal) and femoral (distal) artery was measured over the surface
of the body to the nearest centimeter. Through piezoelectric sensors
placed on the skin, the device collected signals to assess the time
delay between the pressure upstrokes in the carotid artery and the
femoral artery. Carotid–femoral pulse wave velocity was calculated as
the ratio of the distance traveled by the pulse wave and the time
delay between the feet of the carotid and femoral pressure waveforms,
as expressed in meters per second [22]. To cover a complete respiratory
cycle, themean of at least 10 consecutive pressurewaveformswas used
in the analyses. Recently, it has been shown that a similar measure,
carotid–radial pulse wave velocity, can be measured reliably measured
with good reproducibility in a large pediatric population based cohort
[23].
Two–dimensional M-mode echocardiographic measurements were
performed using the ATL-Philips Model HDI 5000 (Seattle, WA, USA)
or the Logiq E9 (GE Medical Systems, Wauwatosa, WI, USA) devices.
The majority (77%) of all echocardiographic measurements were
measured by three sonographers, and were supervised by a pediatric
cardiologist (L.v.O.-G.). The children were examined in a quiet room
with the child awake in supine position. Missing echocardiograms
were mainly due to restlessness of the child or unavailability ofequipment or sonographer. Left atrial diameter (LAD), interventricular
end-diastolic septal thickness (IVSTD), left ventricular end-diastolic
diameter (LVEDD), left ventricular end-diastolic posterior wall thick-
ness (LVPWTD), interventricular end-systolic septal thickness (IVSS),
left ventricular end-systolic diameter (LVESD), left ventricular end-
systolic posterior wall thickness (LVPWTS), aortic root diameter
(AOD) and fractional shortening (FS) as a quantiﬁcation of global
left ventricular systolic function, were measured using methods
recommended by the American Society of Echocardiography [24]. Left
ventricular mass (LV mass) was computed using the formula derived
by Devereux et al. [25]: LV mass=0.80×1.04 ((IVSTD+LVEDD+
LVPWTD)3−(LVEDD)3)+0.6. To assess reproducibility of ultrasound
measurements, the intraobserver and interobserver intraclass correla-
tion coefﬁcient were calculated in 30 subjects and varied between
0.85 and 0.99 for the main outcome measures [26].
2.4. Covariates
Information on maternal age, parity, educational level, smoking
habits during pregnancy, ethnicity, pre-pregnancy body mass index
(BMI) and paternal ethnicity was obtained from questionnaires.
Maternal education was deﬁned as highest followed education
according to the classiﬁcation of Statistics Netherlands and categorized
in primary, secondary and higher [27]. Maternal and paternal blood
pressure at intake were measured with the validated Omron 907 auto-
mated digital oscillometric sphygmomanometer (OMRON Healthcare
B.V. Hoofddorp, The Netherlands) [28]. Date of birth, child sex, gesta-
tional age at birth and birth weight were obtained from midwife and
hospital registries. Breastfeeding (yes/no) was assessed using question-
naires. Current height and weight were measured without shoes and
heavy clothing at the visit at six years, and BMI (kg/m2) was calculated.
2.5. Statistics
We used mixed models to assess associations maternal psychologi-
cal distress scales (dichotomized based on the clinical cut-offs and as
continuous) during pregnancy and blood pressure [29]. The mixed-
model method ﬁts each of the asmany as four blood pressuremeasure-
ments of every child as repeated outcomemeasures. One of the advan-
tages of this approach, compared to using the averagemeasure for each
child as an outcome, is that subjects with the maximum number of
blood pressure measurements available and the least individual vari-
ability in their blood pressure measurements are assigned the highest
weight in the analysis [30,31]. We used multiple linear regression
models to assess the association of maternal psychological distress
scales (dichotomized based on the clinical cut-offs and as continuous)
and carotid–femoral pulse wave velocity and left cardiac structures.
All analyses were adjusted for maternal age, parity, educational level,
ethnicity and pre-pregnancy BMI, and child sex, gestational age at
birth, birth weight, breastfeeding and age and BMI at the six year visit.
Analyses on left cardiac structure were additionally adjusted for the
performing sonographer and ultrasound device, because of potential
structural differences between sonographers and devices.We used sim-
ilar models to assess the associations of paternal psychological distress
scales with cardiovascular outcomes, adjusted for paternal ethnicity
and blood pressure instead of the corresponding maternal variables.
Since the paternal and maternal psychological distress scales are likely
to be correlated, we only investigated these associations among
mothers with low scores on the psychological distress scales. Missing
values in covariates (ranging from 0 to 37%), were multiple-imputed,
to reduce potential bias associated with missing data [32]. We created
ﬁve imputed datasets and each dataset was analyzed separately to
obtain the effect sizes and standard errors. The results of all ﬁve imput-
ed analyses were pooled and are presented in this paper. Measures of
association are presented with their 95% conﬁdence intervals (CI). The
mixed-models were ﬁtted using the Statistical Analysis System version
550 H.R. Taal et al. / Early Human Development 89 (2013) 547–5539.2 (SAS, Institute Inc., Gary, NC, USA). All other statistical analyseswere
performed using the Statistical Package of Social Sciences version 17.0
for Windows (SPSS Inc, Chicago, IL, USA).
3. Results
3.1. Subject characteristics
Subject characteristics are presented in Table 1. The percentage of
boys was 49.7%. The mean birth weight was 3441 grams (SD: 546
grams). Mean systolic blood pressure and diastolic blood pressure in
six year old children was 102.6 mmHg (SD: 8.2 mmHg) and
60.7 mmHg (SD: 6.9 mmHg) respectively.
3.2. Parental distress and childhood vascular outcomes
Using dichotomized symptom scales, high maternal overall psycho-
logical symptoms were associated with a higher childhood systolic and
diastolic blood pressure in unadjusted models (differences 0.86 mmHg
(95% CI 0.11 to 1.62) and 0.72 mmHg (95% CI 0.08 to 1.36) respectively
(Table 2)). High family stress reported by the mother was positively
associated with a higher childhood diastolic blood pressure (difference
0.75 mmHg (95% CI 0.20 to 1.31)), but not with childhood systolic
blood pressure. After adjustment for various potential confounders,Table 1
Subject characteristics.
Maternal characteristics (N=4,831)
Age (y) 31.2 (21.5–38.2)
Height (cm) 168.0 (7.3)
Weight before pregnancy (kg) 64.0 (51.0–90.0)
Pre-pregnancy body mass index (kg/m2) 22.7 (18.7–32.0)
Systolic blood pressure (mm Hg) 115.8 (12.1)
Diastolic blood pressure (mm Hg) 68.2 (9.5)
Smoking during pregnancy, yes (%) 25.4
Breastfeeding, yes (%) 92.5
Parity, multipara (%) 41.0
Education
Primary 7.9
Secondary 43.3
Higher 48.8
Ethnicity
European 65.4
Non-European 34.6
Paternal characteristics
Age (y) 33.1 (23.8–42.8)
Height (cm) 182 (8.0)
Weight (kg) 83.0 (65.0–107.0)
Body mass index (kg/m2) 22.6 (18.7–32.0)
Systolic blood pressure (mm Hg) 130.4 (13.4)
Diastolic blood pressure (mm Hg) 73.5 (10.5)
Smoking, yes (%) 45.5
Ethnicity
Dutch or European 61.4
Non-European 38.6
Birth characteristics
Males (%) 49.7
Gestational age (wk) 40.2 (37.1–42.1)
Birth weight (g) 3441 (546)
Preterm birth (%) 4.6
Child characteristics
Age (y) 6.0 (5.7–7.2)
Height (cm) 119.5 (6.1)
Weight (kg) 23.3 (18.2–31.2)
Body mass index (kg/m2) 15.9 (13.9–19.7)
Mean systolic blood pressure (mm Hg) 102.6 (8.2)
Mean diastolic blood pressure (mm Hg) 60.7 (6.9)
Pulse wave velocity (m/s) 5.5 (1.0)
Left ventricular mass (g) 53.6 (11.8)
Aortic root diameter (mm) 19.3 (1.8)
Left atrial diameter (mm) 25.2 (2.7)
Fractional shortening (%) 35.3 (4.5)
Values are means (SD), medians (90% range), or percentages.these associations attenuated towards the null and did not remain sig-
niﬁcant. Childhood BMI explained the largest part of the associations
ofmaternal stresswith childhoodblood pressure. High scores onmater-
nal depression, anxiety or hostility symptomswere not associated with
childhood systolic or diastolic blood pressure. We investigated paternal
psychological distress in mothers who scored lower than the clinical
cut-off for the respective symptom scales. High paternal overall psycho-
logical symptoms were associated with a higher childhood diastolic
blood pressure in the unadjusted analyses, but these effects did not
remain signiﬁcant after adjustment. Neither maternal nor paternal
psychological distress scores were associated with childhood carotid–
femoral pulse wave velocity. Associations of continuous maternal and
paternal psychological distress scales were similar to dichotomized
symptom scales and are shown in Supplementary Table 1.
3.3. Parental distress and childhood cardiac outcomes
Using dichotomized symptom scales, high maternal overall psycho-
logical symptom scores were associated with a lower childhood left
ventricularmass (Table 3). After adjustment, the association attenuated
but remained statistically signiﬁcant (difference−1.10 grams (95% CI
−2.13 to −0.07)). High scores on maternal depression and anxiety
symptoms, but not hostility symptoms, tended to be associated with a
lower childhood left ventricular mass (difference −0.73 grams (95%
CI −1.77 to 0.30) and −0.97 (95% CI −1.94 to −0.01) respectively)
in the adjusted models. Also, high maternal hostility symptoms were
associated with a smaller childhood left atrial diameter (difference
−0.27 (95% CI−0.46 to−0.08)). ChildhoodBMI explained the largest
part of the associations of maternal stress with childhood left cardiac
structures. In adjusted models, high paternal overall psychological
symptoms, depression symptoms and anxiety symptom scores, showed
similar effect sizes with cardiac outcomes as compared with maternal
psychological symptom scores, although these associations were not
statistically signiﬁcant. High paternal hostility symptomswere associat-
ed with a lower childhood left ventricularmass (difference−1.66 (95%
CI −3.18 to −0.13)). In the adjusted models, maternal and paternal
psychological distress was not associated with childhood aortic root di-
ameter and fractional shortening. Associations of continuous maternal
and paternal psychological distress scales were similar to dichotomized
symptom scales and are shown in Supplementary Table 2.
4. Discussion
Results of this population-based cohort study suggest that maternal
and paternal psychological distress during pregnancy are not associated
with childhood blood pressure and carotid–femoral pulse wave veloci-
ty. Both higher maternal and paternal psychological distress were asso-
ciated with lower childhood left ventricular mass.
4.1. Strength and limitations
The main strength of our study is the prospective data collection
from fetal life onwards and the size of the population-based cohort.
Our analyses were based on more than 4500 children with cardiovas-
cular outcome measurements. As far as we know, this is the largest
study, investigating the associations between parental distress and
cardiovascular outcomes in childhood. The assessment of maternal
as well as paternal distress, allowed us to explore whether the associ-
ations are likely due to intra-uterine effects of maternal psychological
distress or rather due to shared environmental factors between the
mother and the father. Blood pressure was measured multiple times
with one-minute intervals minimizing measurement error. We used
well-described and validated measurements to assess arterial stiffness
and cardiac structures and function. Also, we had information about a
large number of potential confounders. However, some limitations
need to be addressed. We measured maternal psychological distress
Table 2
Maternal and paternal distress and blood pressure and pulse wave velocity in six year old children.
Systolic blood pressure (mm Hg) Diastolic blood pressure (mm Hg) Carotid–femoral pulse wave velocity (m/s)
N Crude modela Adjusted modelb Crude modela Adjusted modelb Crude modela Adjusted modelb
Maternal psychological distress
Overall psychological
symptoms
4607 0.86 (0.11, 1.62)⁎ 0.16 (−0.61, 0.93) 0.72 (0.08, 1.36)⁎ 0.04 (−0.62, 0.70) 0.05 (−0.05, 0.16) 0.00 (−0.11, 0.11)
Depression symptoms 4603 0.35 (−0.41, 1.12) −0.18 (−0.95, 0.58) 0.52 (−0.13, 1.16) −0.04 (−0.70, 0.63) 0.08 (−0.03, 0.18) 0.04 (−0.07, 0.15)
Anxiety symptoms 4606 0.51 (−0.21, 1.23) −0.09 (−0.81, 0.63) 0.50 (−0.11, 1.11) −0.07 (−0.69, 0.55) 0.02 (−0.08, 0.12) −0.01 (−0.11, 0.09)
Hostility symptoms 4596 0.11 (−0.46, 0.67) −0.42 (−0.99, 0.15) 0.26 (−0.21, 0.74) −0.22 (−0.71, 0.27) 0.0 (−0.08, 0.08) −0.03 (−0.11, 0.05)
Family stress 4659 0.57 (−0.09, 1.23) 0.21 (−0.43, 0.86) 0.75 (0.20, 1.31)⁎ 0.45 (−0.11, 1.01) 0.08 (−0.01, 0.17) 0.06 (−0.04, 0.16)
Paternal psychological distress among mothers with low scores
Overall psychological
symptoms
3072 0.61 (−1.04, 2.26) 0.33 (−1.28, 1.95) 1.54 (0.13, 2.95)⁎ 1.24 (−0.17, 2.64) 0.13 (−0.13, 0.38) 0.12 (−0.14, 0.38)
Depression symptoms 3070 0.97 (−0.62, 2.56) 0.77 (−0.79, 2.33) 1.26 (−0.10, 2.62) 0.94 (−0.41, 2.30) 0.03 (−0.21, 0.26) 0.02 (−0.22, 0.25)
Anxiety symptoms 3018 0.06 (−1.04, 1.17) −0.08 (−1.16, 1.00) 0.23 (−0.71, 1.17) 0.07 (−0.86, 1.00) 0.07 (−0.08, 0.23) 0.08 (−0.08, 0.24)
Hostility symptoms 2745 0.14 (−0.94, 1.21) −0.15 (−1.21, 0.90) 0.35 (−0.57, 1.25) −0.01 (−0.92, 0.90) 0.06 (−0.10, 0.22) 0.03 (−0.13, 0.19)
Family stress 2659 0.95 (0.04, 1.86)⁎ 0.46 (−0.44, 1.35) 0.16 (−0.62, 0.94) −0.22 (−1.00, 0.57) −0.04 (−0.17, 0.10) −0.04 (−0.17, 0.10)
Values are regression coefﬁcients (95% CI) and reﬂect the difference in blood pressure (mm Hg) or carotid-femoral pulse wave velocity (m/s) for reporting high scores on the dif-
ferent psychological symptom scales from a mixed-model or linear regression model.
a The crude model is adjusted for child sex and age at measurement.
b The adjusted model was additionally adjusted for maternal age, parity, educational level, smoking habits during pregnancy, maternal or paternal ethnicity, pre-pregnancy body
mass index and maternal or paternal blood pressure at intake, gestational age at birth, birth weight, breastfeeding status, and body mass index at the age of six years.
⁎ Pb0.05.
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information on persistence and intensity of psychological symptoms
throughout thepregnancy. Some studies have suggested that the timing
of psychological distress during pregnancymight be important for fetal
programming effects [33]. Information about maternal psychological
distress was missing for 24.5% of all mothers, and for 32% of all fathers
of whom the partners had available data on maternal psychological
distress. This non-response at baseline would lead to biased effect
estimates if the associations of maternal psychological distress during
pregnancywith cardiovascular outcomeswould be different inmothers
who were not included in these analyses, compared with the mothers
who are included in this study. This seems unlikely. Furthermore, it
has been described that biased estimates in large cohort studies mainly
arise from loss to follow-up rather than non-response at baseline [34].
Of all children with available data on maternal psychological distress,
72.5% participated in the follow-up measurements around the age of
six years; 9.3% was loss to follow-up and 2.7% did not provide consent
for further follow-up from the age of six years onwards. The remainder
of the mothers and children without measurements available did
provide consent for further follow-up but were not able to visit the
research center. Overall, mothers from children who did not visit the
research center, had higher psychological distress scores, smoked
more frequently and were less well educated than the total sample.
This selective loss to follow-upmight have led to biased effect estimates
and a loss of statistical power. Assessing parental psychological distress
by questionnaire might lead to misclassiﬁcation bias, due to under-
reporting of psychological distress. In general, this misclassiﬁcation
most likely would lead to an underestimation of the effect of parental
psychological distress on cardiovascular outcomes. Finally, although
we have performed adjustment for various potential confounders,
residual confounding might still be an issue due to the observational
design of the study.
4.2. Parental distress and childhood vascular outcomes
Several studies in both animals and humans have shown that fetal
exposure to high levels of cortisol, e.g. due to administration of thera-
peutic drugs, is associated with a higher blood pressure in later life
[7,8]. We hypothesized that maternal psychological distress would
lead to an increased fetal exposure to cortisol, which could lead to a
higher blood pressure or increased carotid–femoral pulsewave velocity.Studies of normal variation in endogenous cortisol levels and the effect
on blood pressure in later life have been scarce. A small study by Rondo
et al. among 130 mothers and children aged ﬁve to seven years, inves-
tigated the association of maternal cortisol levels in third trimester of
pregnancy with childhood blood pressure. Although this study did not
provide exact effect estimates, the authors mention in the discussion
that maternal cortisol levels were not associated with childhood blood
pressure [13]. A recent study by van Dijk et al. among almost 3000
mothers and children, suggested associations of the presence of multi-
ple maternal psychosocial stressors during pregnancy with a higher
childhood blood pressure [14]. However, the authors acknowledged
that after correction formultiple testing all associationswere not signif-
icant. Their study also incorporated speciﬁc questions on pregnancy
related anxiety, parenting stress and job strain, which might explain
the different results between our and their study [14]. In our study,
we did not ﬁnd associations of maternal or paternal psychological
distress scales with childhood blood pressure after adjustment for po-
tential confounders in the largest sample so far. Our ﬁndings suggest
that social and environmental factors might explain the previously
suggested association. However, we have to acknowledge thatmaternal
stress assessment was different in timing and instrument between the
studies, which might explain the inconsistent results. It might also be
that the maternal psychological distress does not lead to a sufﬁcient
rise in fetal cortisol levels in our population. Furthermore, effects
might not be present at this age, but might become apparent in later
life. The mechanism underlying the association of overexposure to cor-
tisol with a higher blood pressure in the offspring remains unclear, but
several mechanisms have been implicated. In animal studies, prenatal
exposure to cortisol has been associated with micro vascular dysfunc-
tion and affected functioning of the renin–angiotensin system and the
HPA-axis in the offspring, with possible subsequent effects on blood
pressure in later life [35,36]. The study by Rondo et al. did suggest that
maternal cortisol concentrations were positively associated with
systemic vascular resistance, as measured by analyzing the shape
of arterial pressure wave produced by the heart beat [13]. In our
study, we did not ﬁnd any association of maternal psychological dis-
tress scales with carotid–femoral pulse wave velocity around the
same age. Further research is needed to assess the effect of maternal
psychological distress and cortisol levels on differentmeasures of child-
hood vascular function, and to assess whether differences arise in later
life.
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Not much is known on the effect of maternal psychological distress
on cardiac development. There have been several animal studies inves-
tigating the effect of fetal cortisol exposure on the developing heart
[37,38]. In sheep fetuses it is shown that cortisol stimulates cell cycle
activity of cardiomyocytes [37]. Furthermore, neonatal exposure to
glucocorticoids has been associated with a lower heart weight in rats
at the age of 4 weeks and at older age, with depressed systolic function
with compensatory dilatation to maintain normal cardiac output [38].
In line with this study, we have found that maternal psychological
distress is associated with a lower left ventricular mass. However, we
observed that paternal psychological distress showed similar associa-
tions, suggesting these associations are not due to direct intrauterine
mechanisms. By contrast, Chen et al. found in a retrospective study
among 116 children, that children, whose mothers received repeated
courses of antenatal corticosteroids, did not have different left ventricu-
larmass and fractional shortening comparedwith age, sex and ethnicity
matched control children who did not receive antenatal corticosteroids
[39]. We also did not ﬁnd consistent associations with other cardiac
structures and fractional shortening. Residual confounding might be
an issue; e.g. we did not take into account physical activity of the chil-
dren. High parental psychological distress is associated with lower
physical activity in children, which in turn is associated with a lower
left ventricularmass [40,41]. This could explain (part) of the association
of parental distress and left ventricularmass found in this study. Further
research is needed to conﬁrm these ﬁndings, identify exact underlying
mechanisms and to assess whether these changes persist in later life.
5. Conclusion
Our ﬁndings do not support the hypothesis that maternal psycho-
logical distress during pregnancy is associated with childhood blood
pressure and carotid–femoral pulse wave velocity. We have found
evidence that maternal psychological distress is associated with left
ventricular mass. However, similar effect sizes were found for paternal
distress, indicating that these associationsmight be due to other shared
environmental factors. Further research is needed to investigate the
exact underlyingmechanisms and the long-termeffects of parental psy-
chological distress on cardiovascular development.
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